It is well known that N-nitrosoureas [RN(NO)CONHR'] generally act on deoxyribonucleic acid (DNA) of cells as alkylating reagents and that the alkyl derivatives [R =CH3, C2H5, C3H7, C41-19] are carcinogenic, while on the other hand, some of the 2-chloroethyl derivatives [R = C1CH2CH2] are highly carcinostatic. The relationship between their chemical properties and biological activities (including carcinogenicity and antitumor activity), has been studied for more than ten years.' A few years ago, we reported that some l,3-diaryl-l-nitrosoureas (I) a : R=H, b : R=CH3, c : R=Cl a: R=H, b : R=CH3, c : R=Cl are highly effective against rat asites hepatoma AH-13 cells.
2) It was shown that they were fairly reactive as compared with the 1,3-dialky1- Two possible reaction mechanisms could be proposed for the acid-catalyzed denitrosation of I, as shown in Chart 2. One involves proton attack on the nitrogen atom on which the nitroso group is attached, followed by degradation of this intermediate to give the denitrosated urea II (path b). Path b seems to apply to denitrosation of N-nitrosoamines .5) The other involves initial protonation on the carbonyl oxygen atom, to produce an enolic type urea and nitrosonium ion (path a). These two types of mechanism can account for the denitrosation of 1,3-diaryl-1-nitrosoureas. The mechanism of acid-catalyzed denitrosation of 1,3-diaryl-1-nitrosoureas can not be settled at the present time, but may involve an ionic key step. If the reaction site is near a benzene ring (path b), substituents should affect the rate of degradation. Since substituent effects on the degradation rate are relatively small, path a is Two mechanisms for base-catalyzed degradation could also be proposed, as shown in Chart 3. One involves initial abstraction of the ureido hydrogen atom by hydroxide ion to produce a phenyldiazohydroxide (VII) and an isocyanate (VIII) (path c). The other involves attack of a hydroxide ion on the carbonyl carbon of I to give a tetrahedral intermediate which produces phenyldiazohydroxide (VII) and. N-phenylcarbamic acid (IX) (path d). The following evidence suggests that path c is more likely. 1. As mentioned above, considerable amounts of 1,3-diarylureas (II) were formed from 1,3-diaryl-1-nitrosoureas. These products can be easily derived from aryl isocyanates (VIII) in aqueous solution. Path c accounts for this product (II), but path d can not. 2. These reaction rates are affected by substitution on the benzene ring, which means that the reaction site is relatively near, the phenyl ring and/or a considerable negative charge is placed on the benzene ring in the transition state. 3. As shown in Fig. 1 , there is a time lag between the decrease of Ia and increase of the combination urea (IIa). This mechanism accounts for the slow formation of the urea. This conclusion is contrary to results obtained in a study on 1,3-dialkyl-1 -nitrosoureas6) but consistent with results obtained in the studies of 1-methyl-1 -nitroso-3-arylureas.7,9) On the basis of thermal degradation product analysis,3 two possible mechanisms were presented (Chart 4). One involves intramolecular rearrangement through a 4-membered ring to afford a phenyldiazo carbamate (XI), which decomposes to give a phenyldiazonium ion (VII) and a phenyl isocyanate (VIII) (path e). The other involves internal prototropy through a 6-membered ring followed by intramolecular rearrangement to give a phenyl isocyanate (VIII) and a diazonium, ion (VII) (path f). Since the kinetic results show no substitution effects, the reaction site may be located far from the phenyl ring and/or a phenyldiazohydroxide ion is not involved in the rate-determining step.10) The base-catalyzed degradation of I involves intermediates similar to those in the pyrolysis in organic solvents, but the rate of this reaction depends strongly on the substituents on the benzene rings. If the reaction proceeded via path f, substituents should influence the rate constants, because the acidity of the NH proton is controlled by substituents on the phenyl rings.11)
Conclusion
In aqueous solutions, in the pH range of -0.5 to 1.5, the degradation of Ia was firstorder in hydrogen ion and yielded denitrosated IIa as the main product. Our kinetic data show that a slow protonation at the carbonyl oxygen atom is the key step in the reaction. In the range of pH 1.5 5.4, the degradation of Ia was catalyzed by hydroxide ion, but the products were II, formed by recombination of the reactive intermediate. The analysis of reaction products and our kinetic data support the conclusion that the reaction occurs via initial proton abstraction.
In organic solvents, I was more stable than in aqueous solutions, and the first-order rate constant for Ia was greater than those of 1,3-dialky1-1-nitrosoureas. Thermal degradation of I could proceed via a 4-membered ring intermediate to give phenyldiazo N-phenylcarbamate (XI) as a reactive intermediate.
Compared with related 1,3-dialkyl-1 -nitrosoureas, degradation of I is several hundred fold more rapid under all the conditions we examined. This can be interpreted in terms of a special conformation of I and the electron-withdrawing effect of the benzene rings.
This work has shown that 1,3-diaryl-1-nitrosoureas (I) undergo base-catalyzed degradation, even at low pH, much more readily than 1,3-dialkylureido derivatives and generate active chemical species. Accordingly, similar degradation reactions may proceed in AH-13 tumor cells and antitumor-active chemical species may be formed effectively. This might result in high activity for killing the tumor cells.
